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Prob.1.1. If there is a shunting capacitance, the 
currents inthe loop are not zero even with a perfect 
voltmeter, Maxwell's equation, integrated, is 

jun (Has me V+ joe = -jwa| H+ H.| as 
where HY is the field to be measured and Hy is the 
field produced by the currents in the loop. 
Looking into the terminals of 


the loop, note a 


angie 
VV \ 
Vi = 2 SP meages 
oy een ee aN i 
ks 


If the loop resistance is low Loop 
VV a Ee 5 hs Vo = ywa HAS 
= i-w LC 


Clearly, the indicated voltage may be much larger than 
the open circuit voltage in the absence of shunting capacit- 
ance, 


More generally uy 
oc 


= a 
me jw RC + (i-w LC) 
If the loop is tuned so that jwC= _ 


jwh 
th Vee : i 
en ch Wha jw RC or since Oh a Lh eee Rwl 
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In the event that experimental values of the input im- 
pedance, Zen » to the terminals ab are available, a 


useful form is 


va ne Nes aN 
R+ jwl 


Prob.1.l,part 2) . If a measuring device with impedance 


aT is connected to terminals ab, we may calculate the 


effects from an equivalent circuit, as follows: 


Zin 
: 
Nee Le => © ie Z, 
Loop : 


The voltage, Vu » Measured across Zr is 


Ve ona lg Ibe = Vob Zi. = Ves ant 
Lan pa Fa 
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Ne Nan 


Ry jwl ie a za | 


Ze 


— jw Has 7 
R+jwhl ers is Te 


This is the indicated voltage, given in terms of the i 


input impedance looking into the connector leading to 
the loop, the input impedance of the amplifier, and the 


field strength, 


Problem 1,2 The reader should parallel the develop- 
ments presented in Section 1.5, and so obtain the 


results stated, 


Problem 1,3 
The vector potential produced by a uniform line 


of current along the z-axis is (eq. 18) 


h ~jR. 
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Problem 1.4 
Let the line source be called source a, Introduce 


ue = e $x Xe) Scy-ye) $ca-22) 


a test source 


By the reciprocity theorem 
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Eg (X6sVore )= ie E 
fe) ae ne’, 


The field produced by the point dipole with reference to 


-2 I (2) dz 


its own coordinate system (primed) is Rg 
A aye) / 
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Rob 1.4 Ccont,) 
Also E,-2 = €, pun 
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Ey (%%2,) = Juve e amOT, fe de 
Hat YT, phe 


This is the same definite integral that was evaluated 
in problem 1.3, The result is then the same as that obtained 


by the vector potential method in problem 1.3 


Problem 1.5 To find the radial component of the electric 
field produced by an arbitrary current distribution, 0. 


set up a radially oriented unit point test dipole, \. 3 


in the distant field region, and apply the reciprocity 
theorem = 


or since \, is a unit point source, radially directed 

Gees = Scents as 

a Ye But in the direction toward the source 
(the origin), the distant field of the 


test dipole, ED » 1S zero since a point dipole 


Yo has no r-component in the distant fielars Ww 


Therefore E _=0., QED Gi 
avr 


i 


a i \) alee, Ve ALS ae 


Ps pwd Ste 


Peat. a «\ 


z% 


! F vst Find the Cuvvent \n the etyuctire 
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By eq. 7 
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Now We May calculate the radiab ion from dhe Vertical 
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Fey the divection undey Concidev ation 
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The net radiation pattern is the superposition of 


the two fields considered, 


The transmission line pair 


gives a fi 


plane; 


vertical wire. 


line pair 


y-axis), 


In the y-z 


ional and 


eld that has a null in the z= 0 (0 = 7/2) 


the field in that plane is then just that of the 


Call the field generated by the transmission 
Eg, (0! 


With reference to the angle 


is a polar angle measured from the 
Q? 
Eg: ~ sin 0' sin 4(BDsin Q') 


plane the components Eg are codirect- 


add, 


and Eos 


In the x-z plane, these components are 


perpendicular to each other, 
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This is essentially the pattern due to the current in 
the short circuit by itself, 


An approximation for the input impedance is 


Za Zo tanhY¥L or 254 = 325+ 63 The actual value 


would be somewhat less than this since the impedance of the 


short circuit is Re = 80 T2(p/» )2, . This value 


rather than zero should be transferred through a quarter 
wavelength to the input, 
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The eFliciency may be estimaded as Colbert 
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If in the case that L is a half wavelength, the 
Se shorting wire end is bent around and placed near the input 
the current in the feed wire and shorting wire are nearly 
equal in amplitude and phase, so they radiate the pattern of 
a Single short dipole but with twice the current moment, 
(This neglects mutual effects: see Chap. 4 for better solut- 


ion). Thus the pattern is simpler and more omnidirectional, 
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(ab 2.3 cont. 
is, = AROAn t= So after a. lrttle aleabra 
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This result implies that the only vestictions one and ¥Y, are that 
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Problem 2.4 
This problem illustrates a method that has been used 
to match the impedance of small antennas to typical trans- 
mission line impedances, The main part of the solution 
should be done graphically, with the aid of the Smith Chart, 
The graphical procedure illustrates the general idea of 
the method and also points up some of the practical diff- 
iculties, The difficulty of reading the numbers on the 
chart is closely related to the "touchiness" of this type 
of structure, 
As a preliminary, consider the transmission line alone, 
neglecting any radiation. The input admittance at the 
& points ab is 
| } Y= Y, coth ¥d + Y, tanh ¥t 
ms By known identity formulas (for 


2 ° g 
L example those in Dwight's Tables 


#655.3 and #655.4) 


Me & sinhaw A-)sm2pd ae smmhaat +) sin 28t 

on é cosh zed = cos 2pd cosh 2xt + cos 284 
Inspection shows that if L = t+d = A/4 , then the input 
susceptance will be zero if cosh 2¢@t = cosh 2d, This 
is exactly satisfied if d = t; if x is small, it is pract- 
ically true for any values of dandt since 

cosh 2at = 1 + (2at)2 , cosh 2nd = 1 + &(2%a)2 

In the graphical solution, the Smith Chart is employed 
to transfer the admittances to ab, The analytic facts 
mentioned above become apparent Ssimce the short circuit is 
transferred a distance d and the open circuit is trans- 
ferred a distance t = 4/4 -d _, to obtain zero susceptance., 

As a better approximation, consider the effect of the 
small radiation resistance and the small inductance of 
Phe,” short circuit t.: + For: a, length, D, the radiation res- 
istance will be only of the order of an ohm or less and the 
reactance will be similarly very small. Thus, 
0 Be os Seana so on the chart the point is very near- 
ly at the fe = +1 value, Exactly what the large value is 
makes little difference in the graphical analysis, 

The impedance transfarmation of the "short circuit" 
lies along the curve p= | P| e72%d = | Pol e72(.02)pd e J2fd 
The impedance transformation of the open circuit lies 


Prob.2.4 cont? 


along the curve p= -l eo 2Pt (.02-35) 


Thus; the first 
step is to plot these gentle exponential Spirals on the 
Smith Chart as a function of d/a and t/r eo WeZ 

ie Ips en 4 -02)5 adam § 
Having done this, the admittance values under the corresp- 
onding points d/, andt/~ = %& = d/n are read off and 
added. Note that the susceptance sums to zero quite acc- 
urately except at very small values of d, Also note that 
with very small values of d it is hard to read the admitt- 
ances, particularly the conductances, accurately, 

After plotting out the admittance values, and studying 
the curves on the Smith Chart, it appears by inspection 
that the two normalized conductances will add to the value 
2 at d = .022)>., The reactances don't quite cancel at that 
point but at t = %A - ,0215 , the reactances do cancel, 
Thus, the %” line might need a little "trimming" to 
obtain a normalized admittance at the points ab of 
G, ,/ we =o sostnat Z, 4/2, = % or Zs = 300 ohms pure 
real as required, 

Note the importance of the loss in the line to the 
desired solution, 

A plot of admittance as a function of frequency, 
obtained in the same way, shows the very narrow bandwidth 
of such structures, 


Problem 2,5 
With an antenna 10 meters in height limited to 30 
meters in diameter, we can get a rough idea of the capac- 
itance to ground with the parallel plate formula: 
-9 Z -9 
Cs Ce A/ Tal WAClS yc /LOWesae 1625 516 
36-4 


The capacitive reactance at 100 Kuz is then KX, = -2520 ohms, 
Thus the tuning coil would require an inductance such 
that L = 4 millihenries, 

(At this point the student should ask himself if he 
knows how to design a coil such that it will have the 
required inductance, obtaining in the process a good estim- 
ate of the loss resistance, and thereby the coil OQ ae PLE 


an honest answer is that he does not know how to do it, he 


Prob. 22 5%cont« 

should inform himself, for example byeconsultine’ ashand- 
book or reference book such as Terman's " Radio Engin- 
eering » Handbook" sorwthe “ITT "Referhce Data for Radio 
Engineers"), 


An approximation for the radiation resistance is 


R, = 1600(h/a)* = 1600(10/3000)2 = 1,8 x 1072 ohms. 


The big question is now " how does this compare with the 
coil losses?" To get an idea of the coil losses, suppose 
we candesign easily a coil having a Q of 100. Then 

Rooil = 
in the antenna structure itself, the radiation effeiciency 


wil/ r= 25.2 ohms: Neglecting any ohmic losses 


of the antenna and coil combination is 
peo t Geo lee xe l0ns/252205057 x 10 ator the efticience 
is about .0/% . If we could design a coil having a Q of 
1000, the efficiency would be about .7%. This is one of 
the practical problems of small antennas. 

Next consider the voltage to ground, or the voltage 
across the tuning coil: Uv erry aed = (2 Behe 


Pa 


so | V| = 26600 (P volts peak. This means if we 


rad 
radiate 100 watts, the voltages involved would be about 
266 kV and of course even with 1% efficiency, the input 
power would be 10,000 watts, with most of this being dis- 
Sipated in the coil, To radiate 10,000 watts would re- 
quire megawatts of input and the voltages involved would 
be 2.6 megavotts, These are some of the practical prob- 
lems of small antennas, 

Fortunately for some applications, the radiated power 
needs to be only a few watts, 


Problem 2, bo 
Suppose the ground screen consists of 


120 radials and is circular with a 700 meter 


SEAMOT OES «ts / Ne Me 1350 /G000!= bri 
t ‘ The antenna height is h/7»v = 150/3000 = .05, 
In this case, from the curves of Fig. 2.12, 
the resistance contributed by the imperf- 
EF = 1ookis , »=5e00m ect ground screen systlem is about .8 ohms, 


T00m diametey 


call it .9 ohms to be conservative, 

Consider an umbrella loaded monopole with 6 struts, 
angle 49°, so that the data in Figs 2.10 and 2.11 may be 
employed to estimate values, To try to keep the radiation 
resistance up, at the same time not letting the reactance 
get too high, let us consider an umbrella design with 
L/h = 1 , From the curves, the input resistance over a 
perfect ground would then be 1.5 ohms while the reactance 
could be expected to be about -210 ohms, 

In this case a tuning coil would be desirable, Of 
course it should have a reactance at 100 kHz of +210 ohms, 
With careful design, the Q of such a coil could be 400 
to 500; if we call it 420, the coil resistance implied 
is R = .5 ohms. The total input resistance of the coil- 
vovann 15+ .9+ .5 
= 2.9 ohms. The radiation efficiency of the antenna- 


antenna combinationwould then be R 


coil combination would then be about 50%, 
If the antenna were operating over a perfect ground, 
the power density at 20° from the Roe would be 


et 4. 2 2 
PDo.700 = onl, Gy Be 4/4re? = 3 sin“70° ae aa/ aur : 


However, the ground screen is not large enough to 
alter the pattern that would be observed over an imperfect 
ground without a cahtigea screen, The electric field strength 
will be only 4(1 + e H(9)) times the value over a perfect 
ground, The values are 


ui d ¢ 
i+ (to) = 2 (-jtoc)*. 34 He bin 
(=) 1005+ 34 + 5 | eC ‘aol = ee = (625° 
so that in the installation proposed Ceo = 815 BL 


To account for the effect of the imperfect ground on the 
pattern, we should make the calculation as though the re- 
quired field over a perfect ground should be 100/.815 mv/m 


Prob. 2.6 cont. 
rather than 100 mv/m. 
If the antenna were operating over a perfect ground, 
the power density at 20° from the horizon would be 
PD sin270° P ag/ ane? . Thus the power required to 
produce the required rms field at 1000 miles is 


Eyl” x (609) "x 10” 


P= 
soe 9O x .8g2 


i u a 
= (2 -32GX%/o 
ea A 
= 47o megawolls . 


With a radiation efficiency of 50%, this means that the 
power input required would be about 980 megawatts, which 
is a little discouraging, 

The input current would be|Il| = (109/3) 2 = 18200 amps, 
The voltage to ground and across the coil would be 
lvl = 18.2 x 2,10 x 10° = 3.8 x 10° volts. 

From these numbers we see that we had better be pre- 
pared to argue against a field strength requirement of 
as high as 100 mv/meter at 1000 miles, 


Problem 3,1 


The array factor for a five element array will be 
given by the sins5)/ sin %¥ curve given in Fig. 3.8a, 
To have the maximum at 45° to the line of the array, the 
phase shift will be “= - Ad (.707), element to element, 
To decide on fd (the element spacing in wavelengths), 
we can say that in order to obtain as narrow a main lobe 
as possible, we want $d to be large; however, we must 
not make it so large that we get grating lobes or spurious 
lobes, Examination of the graphical constructions illus- 
trated in Fig, 3,8a shows that the visible range will 
extend to a value Y=+a0 - Bd = - Bd(l + .707), 
Further examination of the sin 45Y/sin %Y curve shows 
that if we let the visible range extend to about W= -1,677 , 
we will avoid a grating lobe but will permit a back lobe 
of about the same size as the other side lobes, To pro- 
ceed, we make this decision, and this determines pd 
-Bpd(1.707) Ze LO |, Ole Ith =i OS tah en 

C= Cosme = 697 

With these parameters selected, we are now ready to 
carry out the construction to give the array factor, 
Using an overlay on the sin 45Y/sin 5 curves, we 


obtain an array fattor as follows: 


syme (vic about d= On 


We have not yet specified whether the array is to be 
a collinear or a non-collinear type, (Currents are z-divected ) 
a) If it is non-collinear, the array factor is the radiation 
pattern in the H-plane, In that E-plane which also contains 
the line of the array, the pattern is the array factor times 
cos $ (cos g = sin 9), In that E-plane which is also the 
é = 5 plane, the pattern is sin 9, with very small amplit- 
ude because this ¢ut passes through the first side lobe, 
b) If the array is collinear, the E-plane pattern is the 
AF times sin @. The H-plane patterns are all circles. 


Problem 3,2 

We will decide that the contimous linear array to be 
designed is made up of non-collinear elements, currents 
along z, and that the specifications apply to the H-plane 
(9 = 41) pattern, In such a plane, the radiation pattern 
is the same as the array factor. 

The array factor for a sine tapered array is shown in 
Fig. 3,12. To place the main beam at 30°, we should have 


nal = 4 6 L(cos 30 ee k/p ) =a Ome. or k/ =-,866 (I) 
Next we can look on the graph for the half power points, 
We find them (AF = .707) at Py awh .Ot1 . Thus, we solve 
for the angles on either side of 30° such that 
ie Seale ores LBL (cow q, Stel) (x) 
Vig = —h <4 BL (coed, -. 866) (ar) 


¢, > , - 10° so — Cos dy 66 Ss cow (g, ~ 10°) Sul 


he. = 


or cow f, + ws(gi= lo?) = 1.732 


Using a trigonometric identity for the sum of two cosines 


2 ws £(2$,- 10°) - cot (10%) = 1.732 cos(d-s°)= . 866 


=.81, 
cos 5° 
is ip 2 oO 
5 02 29 = > 3 5 
o.-5 Vs. ‘ili d, = 34, z g, = 24.5 ; cos p, =.7/ 
Se Fyow (Iz) : = Ipe = CT cer (i, STU 
g/-, 866 


From (zr) A ear yxe = ¢hl/e a1 or RL & = 806 13,58T 2 TST 


Thus the array should be 13.55 wavelengths long and should 
have a phase constant of .866 that of space, or a phase 
velocity of c¢/ 7866. 

The H-plane pattern would look as follows: 


\ 


y ed — 


Py Symmetric about d = O° 


Froblem 3.3. 
Broadside away 1s ts have Y, element spacing, Phase shift constant is to be zero. 

The visible range 1s from P=-T% To Pay, . A five element avvay has 

4 Revos. Suppose wetry To adapt Schelkunofl s end five design Technique 
of spacing the zeves in the visible vange. Af-py a few tials’ (pane eee 
clear that the equal Spacing of the zeros mthe visible Yange Yesults m 
“aside lobeso that have greater amplitude than the main lobe. We cancels. 
thet spacing the Zeros equally is not a general (magic) procedure. 


Inthis case, to keep the side lobes down we abandon the idee 


pe equal spacing but keep the Zeres tw the visible vange . Consideyva 


design with the Zeros “ih yf = +7 itz 


e = i nb 
AF (Ones Miigze) = 13.2~ {vate 34 
AF (c7#) = GS) KBox 35.5 = 4.5 


Nes T 
Neh (ace ieee aes) 
= (2 eras ep Cero) 
Ea ya PYM Bag ea 14142 + | 
The cocFlicierts im thes a al Polynomial Give the relative cuvvent excitations 


at the ele The pattern has nalls at ¢ = bo and 120° and 


has The gener al appearance twidicated with Qs 


width Reheees wulls at Go”. 


Contrast this with the unifovmly excited 
broad cide QYvay wrth the same Spacing . Refevving 


back te Fig. 3.62), We See that the ant form 
ayYay has nulls at #44 wie Neos cos¢=.6 or 


P, = BT aa: Cae : Ws pik belween nulls of lol 


The side lobe Te main lo be ratio Is rap ( For relerence , Male tha he ayitaeie 
array Is given by Afi= 2 “Vp ( Sothe roots ave such thet ae eee 


+ jantr +ani 
fe) nee “4 aCe ae 
Mie ) a as lo compare patterns , Suppose the untlovm Current 
i ac that in the end elements of 
Distribution of zeros reyes array fenal Rte th SEH: fea as nity Dc late 
‘ the avray above, a >i 
uniform 

/ 
/ se AVY) 


Rotterns with | i 
amp lludes 


to same scale, avray desiqn 


of problem . 


Problem, 3.4 ¢ W Ws 
ppeHs? Se ee 
P BLL BA 


(eo) 

30 ; ro) 

ST Wioapae. °C: 

a 60° 15 Bd G 
we aumtel Tae —— =o ‘g 

C 


Desived Avroy Cactey Go° oO ° 
120° ~sAd cs 

Y= Ad cos ¢ 135° -, 778d 

Tn order that the Anay St a. aie 
|\8Go° —Ad ° 


Factor asa Cunction of 
be spect Cled Ovey a VYange of 27, and be thus deternmed complelely, 


we yay fake the spacing To be %, Se that Bd . ole ae bly: 
Thus AFCY) = CC,  ~ terre 4 2,707 
== Oe eilce wheve. 
This avrey Cactey may he pees in the Covm 
AF LY) = ed + fe ie Cosn 


N=/ 
.707 71 01” 
a, = = 5 Cos n& dy Oye 1 smn¥ a AY SAV Gabnth Pe © 
tol : nt =. 7017 nar 


The numbeys a, give the amplitudes of the currents in the array, a, 
being the center element , a being the amplitudes in the elements on either 


| eeelenI 


Side of center and Soon: 


The next question Us how many elemerte ave vequired r ; Ses 
answev this question puWewwins t “Some how speci ly the accuvacy of the 


B Pprox imation. Pe Ge evam ple, We want the Bi bavenc o Beleccl ote 
actual pattern aimed the Oecived pallern ri Ke lecc ie 5”), py dares 


peck amoplitade x then Coy eYamole , 


N 
sin Nere.to1( , rales ieee SIN WT .0T 
ore a ele arc 


“Trying out Some numbers , it would appear thet “4 = 7 would 


be sullicient ; this implies 15 elements in The array , 


Prohlem 3,5 
This problem is worked just as the example in the 
foregoing section, If for example, we take an Aarne of 
4 wavelengths, the sample points are ? = cos. Leet 4n) 
On =ARCEY = a = ltcos stat eyo, a ee ae 
Thess i= Ee! 2) sla [ Ulery - UlL- 2] 


) 
4 
ie ZU -()*)cos Ene } [ Ule2\-Uee-a)] 


The symmetry in the current distribution follows from the 
symmetry in the desired array factor. A plot of this fun- 
ction reveals that a 4 wavelength aperture is not required 
to produce an acceptable approximation to the desired 
array factor, 

To make a detailed comparison between the synthesized 
array factor and the deired one, a fair amount of numer- 
ical calculation must he performed. In particular, we 


must evaluate the series 


AF(4\ =. 7 ay 


sin( 4 wosd +n] 
(45 cosh +nd) 


for different values of 4 , This can be done with a simple 
digital computer program, For the convenience of the 

reader, such a program, written in FORTRAN Language, follows, 
The variable W(N) = 4 BL cos d+nt = W(n + “ cos ¢) 


DIMENSIoN A494) , PSTGQ4\ AF (qq\ 
| FoRmMar (2) 


2 FoRMAT (F 20.) 
3 FORMAT CLK, BA PHI, ITK,) 2HAF, 17K, SHAFACT//) 


READ (5,1) NTOTAL 
READ (5,2) AL 

(READ C5,2\ PHIMIN, PHIMAX, DPHT 
Rexo (5,2) (ACN), N=l, N TOTAL) 
WRITE (6,3 

Pr= 3.14159 265 

PHIMIN = RHIMIN® PL/Ig8o. 

PHI MAK = PHIMAK * PL/I go, 

PPH I = OPHI *® PI/ (80. 


PHI = PRIMIN 
to Ne\ “ 
N = — (NTOTAL—I)/ 2 
Ai ie N) = PI (AN+ AL* cos (PHI) (Form +(N)) 
TE ( PSIC(N)) 20, 25,20 | 
20 AF(N) = AN) X SINCPSI(N)) /Pst(N) PO 0: 


ese ae es the sevies) 


Problem 3.5 cont. 


as AF(N) = ACN) 
Zo N=Ntlh 
AN = AN+1. 
LE ON - N TOTAL) IS, 15,35 
35 APT = 0, 


Ro 4o N= !,NToTAL 
(Sam The serves ) 


PHIDEG = PAL ¥ 1%0.0/ PI 


AKACT = SIN (PHT) -¥ SIN (PHL) 
WRitTe (C,4) 

,4) PHIDEG, AFT, AFACT 
PAI = PHI + DPHT 


LF ( PAT- PRIMA) 10,10, Se 


SO CoNTINVE 


$ Tol? 
END 
(NTeTAL- fatal no. of samp le pomts) 
as (AL ~ length of avray in Wwavelencins > 
: CPHIMIN ) : 
tee (pp may) { range oie angle d 1h calculation 
ae (DeHT) Lncrementin angle q 
oO (AaCc4) 
nfgie CA(2)) 
6,71500 : 
0. 431° : 
1,0 006 Sainple points A(N) 
G37s 
0, 1$00 
0.437 


Problem 3,6 
A seven element array implies a design based on the 
Chebyshev polynomial of order 3, T3(x) = le - 3x, 


X= a cos!) | sb and AP so Auuiey’ pnw 2k cos nW 
o Nel n 


where A, = bach + Ab? - 3b 


2h, = 'Sar 4 i2ap* = 3a 

2A5 = 6a"b 

2A, = @ 

We are to radiate broadside with a beamwidth between 
nulls of 30° . The angle to the first null is then 15°, 
The spacing is not specified in the problem so we may set 
it at »/2 between elements or fd =W . In this case 
then b-a=-l . The root of interest lies at x = cos 17/6 
= ,866 so the second equation for a and b is 
.866 = a cos(‘Trcos75°) +b 

From these two equations we find a= 1,108, b= .108 
so x, = a+bs= 1,216 , from which R = 4(1.216)? - 3(1.216) 


or R = 3.54 , That is, the main lobe to side lobe level is 
3.54 or the side lobe level is about -1]l db, (The beam is 
somewhat narrower than in the example in the text, so as 
would be expected, the side lobe level is higher, ) 
A sketch of the pattern, based on 
a construction similar to that in 
Fig. 3.326, is shown at Lett. 
Next consider the pattern at 
a new ae 


ae! = PEN yaad AF 000 on cos nV 
oO Nel n 
It is stated that the excitation 
is independent of frequency; this implies that the 
A's in the array factor remain the same. But 
Y= Bd cos ¢ so since at Bey NB = a ene a 


a + lf, : pd Pade ov andvat i - hth, pa met Ole a 


To find the pattern at the higher and lower frequency, it 

is only necessary to perform the last step in the transform- 
ation process. AF(W) does not change with frequency 

if the A's do not change, Thus, only the construction 
relating AF( ) to the visible angle ¢ must be done, 

This means that all we need is a circle of radius ,9T 

and one of radius 1.1 1 » in conjunction with the 


Prob. 3.6 cont. 

AF(¥) curve. Note that the relative side lobe level 

is the same at all three frequencies, However, the 
beamwidth between nulls is different. A quick calculation 
shows that at ats the beamwidth is 33° while at 
iif, itais about 2520. 


Problem 3,7 
A seven element Chebyshev array may be designed on 


are order Chebyshev polynomial 


the basis of a 
T3(x) = nig) - 3x . The side lobe level is determined by 
the value of ses which corresponds to the beam maximum, 
For a side lobe level of - 20 db, x, = 1.941 as in the 
example in the text, 

For the optimum endfire pattern, the phase shift, « , 


as well as the constants a and b must be determined. Let 


Mepset the icpacing at d= 2 A ged eN  . Then 
according to equations 37, 38 and 39 in the text 
a= 41 541.43. +0 = 4°54) (22.2705 
ip 2 
AN pA OLE 2 oo a8 im Wen Zio 
Sins ss ebay onl ies OD come 50% ort 1195 
e cgi 


As in the example in the text, the amplitudes of the coef- 


ficients are given by 


pad Fa ain uecrreanels ss fae 
© 3 2 oe 

Dhe eat ee Ab ee 
: 2 t Abe 


y. 
The element to element phase shift is 6°50" or ,1192 
radians, 
The array factor is the same as that labeled Duhamel's 


Cptimum in Fie. 3..'20 


Problem 3,8 

In this unequally spaced array, first check to see 
if the quantity jVA/d is small. With the stated 
phase shift of 90° and with errors relative to an uneq- 
ually spaced array with quarter wavelength spacing, 
the interesting range of is 0 to -T . AS a worst 
case take J=7T , andn=5 . With this worst case 
the quantity has magnitude about .5 . Thus over most of 


the range, a good approximation is 


BBE eae) ie ae jPA/d 


Thus the difference between the array factor with unequal 


spacing and that with equal Spacing is 


N=! np -—" 
AF (#)- AF. C+) = ze iH si Dy 
N-! ye(n 
ey is iin ete loa fr 
ied Seay Bf (<.) 


The summation is a gemmetric progression with a common 
factor of he /.95 . The sum of terms is then 


= yn ; ons st 

de (as)” ie /-/.29e 

nee : a a 
/- ee /-1oFe 


With a digital computer, it is easy to sum the 
exact expression for the array factor of the unequally 
Spaced array. The sketch below shows the array facdor 
for the equally spaced array with points for the unequally 
Spaced array superposed. 


Pants ave values for 
unequally spaced ayray 


Problem 3,9 

Let us design a retrodirective array of the type 
indicated in Fig. 3.33. The phase of the signal from 
each element is conjugated by a mixing process to obtain 
the retrodirective feature, as explained in the text, 

The required amplitudes can then be obtained by adjusting 
the relative gains of the amplifiers. Care should be 
taken in the selection of the elements in the array so 
that the directly scattered field is small. 

To make the reradiated array factor the desired op- 
timum Chebyshev in the broadside direction, we can take 
the element spacing to be a half-wavelength, so that 

Bd =WT ., We can base the design of the five element array 
on a Chebyshev polynomial of order 2, Ty (x) = 2x” = mLek 
To obtain a side lobe level of - 20 db, we let the pat- 
tern extend to an Xo such that To (x,) ani© or x? iS) 
a= 2.94208. The quantity x and “are related by 


x =acos Y + b , where a= 5(x,+1) Res OA). 


b = 3(x,-1) = 3(1.345). 
The current excitation coefficients are then 
Pe re ee TO ata A, =. 1 38 


Thus, relative to the gain of the outside element amplif- 
iers, the amplifier for the center element should have a 
gain of 2.08, and those of the interior pair of elements 
should each have a gain of 1.63. 

Since we have taken a spacing Pd=rT, so that the 
visible range includes the value TW , the equations for 
a and b for the "off broadside" beams are the same as the 
broadside case, Thus our design gives Chebshev beams in 


the range g = 30° to 150° as specified, 


Problem 4,1 
A full wave dipole has a pattern given by 


Eg ~~ cosO cos G)iiy sl . This element pattern is 


sin @ 


sketched .iniFig yi! 42 of the-text) 

Suppose the currents flow in the z-direction, and 
the the elements are lined up along the y-axis, 
a) Each element has the same amplitude and phase, The 
array factor as a function of Y is plotted in Fig. 3.8a, 
The array factor as a function of the angle with respect 
to the line of the array can be determined by the project- 
ion of the AF(W) curve on a circle of radius Bid. =e ye 
whose center is at Y=0 , as discussed in connection 


with Figs, 3.7 and 3,8 of the text, The array factor has 


an appearance as indicated in the next sketch, x 
Thus Q 
i) in the xy-plane, the pattern is 
determined by the array factor, since at = a 
the element pattern is omnidirectional i 
in this pane, 2} 
ii) in the xz-plane, the pattern is paea & 
determined by the element pattern, x 
iii) in the yz-plane,the pattern is Adin Dae 
the product of the array factor and the aoe 
element pattern, Thus, in this plane, — Se - y 
the pattern is mostly side lobes, or small lobes, | 
b) The elements ail have the same amplitude, but are all 
phased for end fire operation, “= - Ad, The array factor 


as a function of the angle with respect to the line of the 
array may be sketched as in Fig 3a » the circle has 
radius 6d =W , with center at P= -7 , | % 

i) The pattern in the xy plane is 
determined by the array factor, 


ii)! In) the xZ-plane, the pattern is 


determined by the element patterns) ‘The 
field strength is very small, however, 
Since the"cut" is through a side lobe 
of the array factor, 12 

LES ne tive yz-plane, the pattern is 
the product of the element pattern and SLT 
the array factor, J 


Problem 4,2 

The monopole has an H/D ratio of 100. From Figs. 
4.10 a and b , the impedance values can be found, These 
can be converted to admittances values with the aid of 
a Smith Chart (180° rotation on chart). 

To a first approximation, the cantilever type of 
support introduces a shunting admittance given by 


~* 
Y= yWE2T xin n02S4 uber Mee fae Oe $n 287 nant I 


uo 


ae ee rae or es ahr 
GO 


> 7.18 = ad aaa tee tah 


This shunting admittance is added to the monopole admit- 
tance for each value of H/» . The total admittance 
values so obtained can be inverted with the aid of the 
Smith chart. The input impedance found in this way is 
displayed in the table and graphs below. The ideal 
(unshunted) monopole impedance is sketched for comparison, 
Clearly the cantilever type of support has a rather 
drastic effect on the input impedance, The increasing 
resistance at the lower frequencies (smaller H/> ) 

is characteristic of the impedance behavior when there 


is capacitance shunting the input of a monopole or dipole 


antenna, 
H/» Zz 0 
al 3e-) (Sb X 
MPS 2e-) tlbo in 
As 20-59! 
ATS 16 - j68 ne 
20 14 -—-j46 
ey bbe ai 26 
25 Ft 52 
he Ka had 54 -J 32 H 
300° Ls —jyGxr Q Ys 
Ww 
t 
$0 | a 
Rin 
] 
Go =§v 
I Ue 
WITHO? 
Ko Athoul saint RON , 
ge / cantilevey nie CAPACI TANG 
capautance 


-leo 


-200 


was — 2 = vd 
(~ Yo Us 
Problem 43 Aly - WwW 


An approx mate Satin May be obtained ether with a biconical mode ( 
OY @ cy lindvica | Mode | . 


a Sreonic el Mode | 
Cone Angle = = = ba = .02 ¥dns 

Vato 

Wal€ Angle 6, = .0! 
Pape <i ewe ln cot & 


ve Y > 
[20 In % = em) In 206 
; : 


= Bon FA 


eagle Yoox Ss _ 224 ae | 
th -“SSo Kee we cet oh 400K PS oy ik : 
ud =) TS USF =e fod¢20 ; fa = 27 *,04260 
~ 984 


From Fig 4.8 ; Ae So+)/40= (30) ” Y, 
069 44,195 
ve 0 4 ) 


bo ea So +) /40 

se hie s 314 | 

Using the Smith Chart te Grane Gym the “shove through O42 A is 
hte 

and Ye/y thyough ce we oblam 


= O14 + jr22 


n 


UM yy-@ 
oi Sse eos seed 8 7 
fe 14 3243 <3 
o¥ a = 4323 | Loan = eee ohms diole 
A HWY = 220=7Y3 monopole 2569. 


this is the impedance ata pont 75 feet above the ground, 
Velmust now @dd the unductance of the 'wite & GNerKd. | The canted 
estimated by trans forming along @ Non-uniform tvans mission line . Assuming 


Gn average chavactevis tic Impedance of about 1000 we trans ler 


Zrap ese through a distance of BOK STL oy = 446d which gives le ° 
fin f ag of 2, = sre ae 
are tet 2S. +) 240 


b) GY lmdviced mode | 


rom Figs. 4 lo ay b ) Cr length as =,/$% ; Z: 2 20-4 UTE 


ea 
Ke Cerring To Chap Supra eitnance 2d iCor an Approximation fs the Inductance | 
we Crank thet the Impedance of the 7S foot mast below the 


Rab Ot cont. 


Cad pont should be 


\n 


z 
i s 
hs es Iooo (.242)" a) sc fr ; 3: Nie A Sor lam are ssxmburai) (14j) 208 
lin 4 76/ aes 2x ¥k 07 zv 
73 
= styel 
482 / UN is Fano 
Tap ~ ear iae iv ser 
Yetoh 
in) Ae 


Accounting for The lead-in inductance gives 


Z.. = 2104 5260. 
iA 


Problem 4,4 

First, determine the characteristic impedances, 
For the balanced pair over ground (from a reference such 
as ITT Ref, Data for Radio Engnrs., 4°" Ed., pg.590) 


a / 
® OF 216 f Ee es 
de — 2 ‘o Lh hee O 

or h vie Ye 2. a V+ wh 
This is stated to be 300 ohms, so with h/D = 4, we can 


solve for ud tOeiind d= 240" 
For the double wire (wires in parallel) over ground 


(d 44 D,h) 7 
7 = 3h fog,, 4A Y 7 + eh) 


° 
y ® x 


7 / 


To solve, replace the unbalanced excitation by 
push-push and push pull sources, as indicated below. 
On the double wire line over ground, the open circuit 


transformed through an eighth of a wavelength gives 


Zsa = -j Z, cot BL = -j 200, On the balanced line 
(matched) the input impedance is 300 ohms, 
7a hee 300-8 The voltage at the coax output is measured 
¥* meats to be 100 V. The currents I, and I, in the 


two sides of the line are 


1 
i ee aoe 7 e ae 


Oo|r 


Prob. 4.4 cont. 


The effective impedance terminating the coax is 
Le SON = 100 ok = 263 - j 99 
T /X, : ih + j 3) J 

The normalized impedance terminating the coax is 
then Zp/Z = 3,9 - j 1.32, which gives auiswe = 4. 


Consider the design of a coiled coax balun, The 
schematic excitation with balun in place is as indicated, 
To keep currents from flowing to ground, the 
impedance of the coiled soax balun should be 
high compared to 300 ohms, With the 75 ohm 


coax such as RG 11A/U_ we could conveniently 


form a 10 turn coil having a diameter of 5" 

and a coil length of as much as 10" (5" each side), 

Using single layer solenoid formaulas as an approximation 

L = 100 x 5 x .0273 = 13.6 microhenries, The reactance 

at mid-band would then be X = 8500 ohms. Thus, the current 
to ground would be .035 that of the current to the load, 
This would probably be acceptahle. The input impedance 


MOT SOUR ASO vs : 
Zen = 00 + 38500 = 300 + j 11.5 ohms 


A four to one impedance transforming balun could be 


would be 


designed as described in the text, sections 4,5.1,4.5.2. 


Problem 4,5 


The input impedance of a folded monopole is 
NE hy Pe 

Ligh see A I where Z, is the antenna impedance 

in TZ, +2, A P 
and Zs is the input impedance to the balanced line, 
We can make Zy essentially infinite by introducing 
a shorting bar as shown and making Lo + h equal to a 
quarter wavelength, Then Zen = 42, 


We want this to be 50 + j 0 ohms. The line itself is 
nearly lossless so the input resistance must come from 
radiation resistance, We will try to make the current 
distribution in the vettical section nearly uniform so » 


Ghat jc ihe oe LeCGt(h/ yor 


h 
j, = .088 
and Lo/y my 2 oui= | O8Sver Hae ue 


Prob.4.5 cont, 

The leneth L, of the double wire above ground must be 
adjusted to produce the essentially uniform current and 
to provide for an effective antenna reactance of zero, 
The length Ly will be in the vicinity of a quarter wave- 
length, but the exact length for tuning will depend on 
some details. 

Suppose for example that the frequency of operation 
is such that h turns out to be 4" (recall h/, =.088) 
In this event, the characteristic impedance of the double 
wire above ground (the push-push loading transmission line 


for the vertical pair) is 


7 ieee 4o5,, +h (+(2h\" = 138 


(J 


If L, were exactly 4 > , the open circuit at the end 
would transfer into a short at the top of the vertical 
wires, The antenna input impedance, aN » would be 
approximately Za = R,. + j Xy » where X is the induct- 
ive reactance associated with the vertical members, The 
latter can be roughly estimated by Xx = an tan 2th/ 

= .6 26 where 2! is the average characteristic impedance 
of the vertical pair, Taking 100 ohms as an approximation 
for 2! , we have X, = 60 ohms , Thus, L, should be 
shorter than.25A to cancel the inductance. Since 

60/138 = .435, from the Smith Chart it follows that 


L,/> should be about .185 . 


Problem 4.6 


Z| Assuming that the current elements 
rt are very short and have uniform currents 
* | along their lengths with unity input 
ae currents, the mutual impedance expression 
$ Se as tah y is 
od cal pa = (Hg Pleas ae E40,2z Bo 
a where 1, is the very short length of 
antenna b and E is the z-component 


a,0,z 
of the field produced by antenna a at the position of b 
(but with antenna b removed). In the collinear arrangement, 


Eno - is just the radial component of the electric field 
» es 


of an elemental current ~jpr 


E = 


t — 
ao, ar af 


Probes 4 oOoMcont, 
It follows that the mutual impedance is 


47 1 
Z =-240 Lf ej" +h? 


If the current distributions were triangular instead of 
uniform as assumed, the value would be approximately one- 
fourth of the value indicated. 

To find the directive gain, we can compare the 
directive gain of the couplet to that of one of the elements 


by itself 2 
S,Qvvay  _ \s Dewey * | gl R. Smale 
Gu, single P D single Co ™ ; avvay 


Pp Davies 


say 


Set since the field is twice as great in 
P BD sing le, may 


the direction of the maximum, assuming 

the same input current in each case, 
We will then calculate the relative directivity. If the 
elements are the same length, then the input impedance of 
the elements are the same, so if the currents are the same, 


we have 2 az 


imei o 


12 
; on " 2 2 L se 
Re(Zin) = Ry; + Ryo = 80“ (4/n)* + 240 (L/r 
The power input to the array is then 


nS 2 2 2 
Pink ela 2CL] SN) (Gene 2 EO) Tee 


Sgt 2 2 
Pin, Single ~ I, 80 (£/>) 
or 
Gacrawan = 4 SOIT es = (.533 : or =23 
Gassinsle 2[goT+240] e,arvay 


Note that the directivity is the same for either the 
uniform distribution of current or the triangular distrib- 


HNeLoOn. 


Problem 4,7 


The mutual impedance between two antennas is 


_ mL ° j 
219 = =< tas i Eo Jy dv . The integral can be taken 


either over the quarter wave monopole, or over the short 
vertical monopole, Clearly, it will be easier to take 

Jy to be the short vertical; the integration will be much 
simpler since Ey will be essentially constant over Jy m 
The field of the quarter wave monopole is 


tg aes pay Lesa e7 JPR2 ) (eqn, 16) 
22 aw ( ) ey ws R 
1 2 
’ : 2 2% 
where in this case Ry = Rg = (a + (%d)%)? Ss 


Assuming a triangular current dist- 


tribution on the short vertical, 


H= % and unit currents I, and I, 
Ze =) jesOpeusn a! bh 
* h Ry 2 
Pita aR, = Ye" +(EP 
or 


_ 30Bh_ sin ¥(Bd\*4(20)~ + cow Wied +E) 
‘ jane | Yeear@ | 


Problem 4,8 
It is stated that the antennas are to be driven so 


that I, = j I, . The input voltages are therefore 
ee on i AP as Bay. i bree 
Tiger Lalit Ne Fé Cf. 3Y 
er Ey Aas A 
2 2-12 2922 (jo sf 


Here, 2), = Zoo = 2self = 36 + j 40 from the 
y) x mutual imped- 
P20 2055 oa halo ance curves 
V1 sl 1, [3 + )30-)(20.5-)/4,5)] © aL [2.54) 7.5 | 4 V, = a liso.5 +} 50.5 | 
is _— L ae 
Tht Paws Hoa Rael Pn. Ge Bae BK Tcl 
FT 


2 al eiestees 5] Seka — u 
Re = 10 \ lo > (Ww {2 . + O. ) ais oe ee, at = om = 1, Ana Rms 
) 7a 
Hy sep—5 Lye = — ptt Aap 


* The fequived driving Voltages are i 
. VF 1g C2 F4 US) = 253 $5 712 = 276L24¢ 
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Va = Hy lh @ (50.64) 50.5) = S44-)594 = Tho po4¥s? 


Problem 4,9 


First, find the input impedance to each tower 


ht ees VT OREN aera eae 


= T1412 + 19299 + 15253 


N 
| 


V3 = 11213 + 15293 + 15233 
where Z), = 259 = 233 = 36 + j 30 
20). 5 punta eae 


! 

N 
i) 
Ww 


“he 
Z13 = -6 - j 10 
V,/i, = 36 + 530 + (15/1, )(20.5-514.5) + (13/1, )(-6-510) 
7527/3 


2 3477/3 


14/1, = 13/1, = 


so a a 
Z, = V,/1, = 35 + j19 


Similarly, 2 


Mies 169+ 55°45 


The type of feeding and matching network that is 
appropriate depends on frequency. Let us suppose the 
frequency is in the megacycle region. In this case, 
lumped matching networks and impedance transformers can 
be built conveniently, For example, a T-network can be 
used both to bring about an impedance transformation 

and a desired phase shift as 


well (for reference, see Terman, 


A 


20r Jordan, or Jasik, op.cit.). 


If a phase lag ¢ is desired 
(I, = kI,e "J? ), the values are 


[For convenience, define b = Er Sin p., r,. = (R,/Ro) 2, 
ane R,(1 - r,cos $)/b 

= Ry (r, - cos $)/b 

X3 = - R,/b 


X) 


ma 04 
ho 


We can plan to feed with transmission lines located 
near antenna 1 (ie., with the transmitter located near 
antenna 1), If we match all transmission lines, we can 
easily get a 90° phase shift by virtue of the lines 
leading to element 2 and 180° in those leading to element 3, 


Prob.4.9 cont, 

The current amplitudes are all to be equal, This 
means that the ratios of powers which must be supplied 
to the three elements are Pia Rogues le SOs. pe Ours So 
We can plan to use 50 ohm lines. Thus we can plan to 
incrporate an impedance transformation at element 3 to 
provide a 50 ohm impedance level, If we employ a parallel 
branching at element 2, then to have a power split in the 
desired ratio, we must have Z5/2 sausa/16 or Zo = 100 ohms, 
The input impedance will then be 33 ohms at the junction, 
so we can plan to use the same type of matching network 
as at element 3 to get the impedance level back up to 
50 ohms. 


The parameters for the different elements are as follows: 


b= 
Element Ry/Roy ae d r,.sin ¢ cos ¢ r. cos d 
3 50/33 J\23 602 1.07 4 .615 
2 100/16 y hive wend (9 L275 , 866 2219 
1 70/33 1.46 60° 1.26 s 73 
So, for element 3, X, = 18 ohms Jj 18 ies 
i wlawent 3 
X5 = Be ohms Son 47 = 33 +3170 
X3 = -47 ohms y 
for element 2 40 seo) 
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Prob.4.9cont 7 


In the horizontal plane, the 
radiation pattern is the array 


factor 


bx 3 
FE aee™ rz. 
aay, 
Pattern in horizontal plane V = 3d coo Pees a8 che ® “22 


It should be possible to have designs such that 
the efficiency of the matching networks is 90% or 
better . With reasonably good antenna structures then 
the over all efficiency might be about 80%. This 
means that there could be about 800 watts available 
for radiation, jaihnus ial = 800/84 , or we might 
arrange to have a current amplitude of about 3.1 A.rms 


The field strength is given by 


; Bs T 
Es = J&o ils = [ tos (= co 8)| ST hat 3(2 =) 
Ag sin® sin = (E-20) 


or ‘at ,onesmile  gaige . v=. cogan 
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Problem 4,10 


From the definitions, assuming a lossless structure 


a e 

sie > D (0, > i 

“| h Gul= EDGE) hie Lg pom amy * 
| de [P ee PR. 

4 fod ee m 

ae 

P 

a” When the dipole is located a 


quarter of a wavelength from the plane 


a — 2 jee Icey in the Maximum divection ; so (=o, 0: 7) 
Vv 
he [ a 
PD (o, 3B) SF 4 3b00 Tal = ers Alse Ke > eee wah 
ECE im cee  % 
Evom Fig, 4.37 Rin = SCR T his gwes SS a ey Th es 
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; ae 60 Lin (=e So 
At small spacings Ey= se Cc jl 
arte tas 
P.D a tials rae [1- cos2Ph] ee 
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as 24 [- cos 2 k] 
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Prob.4.10 cont. 

Assuming that the antenna and the reflecting plane 
are lossless, we can use this formula to compute the 
following table of values for the directivity as a function 
of spacing from the plane (Ri, = Ri ~ Rio » the latter 


i 
being obtained from the mutual impedance curves) 


h/>» Or2 OTD 0.125 0.1 0.05 


Ga; 6.24 6.96 Us 7.56 7,769. 
i 


Although the directivity increases with decreasing 
spacing, it should be noted that the absolute gain is 
decreased by the ohmic resistance in the structures. 
This latter effect is most pronounced at small spacings. 
(for example, add 1 ohm for ohmic resistance and 
compute the new gain at a spacing of .25»> and the 
new gain at a spacing of ,05D) ). 


Problem 4,11 

For a three element Yagi at 100 MHz, the lengths 
will be of the order of 1.5 m. Thus, the elements 
could be constructed of tubing of about 5/8" OD, in 
which case the length to diameter ratio would be about 
100, 

In the absence of other information, let us employ 
Spacings and lengths which will work well in two element 
Yagi designs, We have a digital computer program which 
estimates impedances (both self and mutual) based on the 
equation on page 192 of the text, Thus we can try a 
couple of different designs without too much work, 
ae 2 Nac = 26 d oe 24d, fy = 225) Ieee Ue pa2ep hy = 026A Se a2) 


Spacima vel. to Aer: =e SEN Spacing div tedviven = lo me : sPasings same 
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! dviven Liane =73+¢;4l ‘ Z,4= 31-)7° 
dviven aa a ed Lae Z,3 Ua ta Zo. = $24 )¢7 ) ee EGsa yt 
ve Clechey Z $2+ yb Pea Loe tc Go-)! 


Avcetor 2, 724-52? wot Fixe 5 th. 


3355 ay 
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Zit 
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Problem 6,1 
The slot antenna in Fig. 6.4 of the text should be 


the complement of the folded dipole constructed from 
strips. Thus, the radiation pattern will be that of a 
folded dipole of magnetic currents, which is the dual 


of the folded dipole of electric currents: 


\ 
ae - Vii 
WE ess (oa if = Ko coe (Feed) 
fa) Bo ) dipole 2 % AS sm 
2 (2 r) 
aU Cory a) i tenhuGise 
Zan a aaa Libpole i see tas anes> 
ie 2 ae (73+) 20) a (G1 e jz zyx ion 
1.4% x 10 
— a Som 
pte = Wik EE— 0S ohms 
AME sy Cag i 
ay Pan A rectangular cavity with 
g A LA ae | 
fF----%,----+4 /depth % >, and width > plus 
we Z 


u 4 
ag CR st ees meen aes ee 
¥ a 


bs) Me ot 


admittance by half; 


| mn the % 3 dimension (depth) could 


im 
7 be folded over to save space, if 
| necessary, 


Problem 6,2 
The first point tobe remembered is that the two sides of 
the horn must be designed so that they fit together and 
also match the .4" x .9" guide dimensions, This means that 
the axis projections of the slant lengths of the sides 
must be the same, Thus Ry eG ~ 2) = RyyG - roe 
The two planes should have radiation patterns with 
somewhere near the same gains, so A should be greater than 
B, but not as great as the ratio 9/4, 
A gain of 20 db means a numerical gain of 100 so 


we have the equation 


Prob.6.,2cont, 
ad » >» 
Meee caer «aH B ? 
Note: there is an error in the first printing of the text 
on page 248; the A and the B are interchanged in the 
formula above. Also, there is an error in the upper limit 
of the integral on the top of page 247, should be CON 


eo 


Let us try to make the quantities Gar a and Gay B 
equal, Then according to the equation above they should 
both be about 32, A glance at the curves shows that this 
is not quite possible with equal slant lengths since the 
corresponding curves have unequal gains in the two planes, 

To proceed, try a couple of slant lengths in the gen- 
eral range of interest . 1, Try Ri e=Riy =6A . In this 
case Giauthe = 34 , Garmax 2 = 28, product = 950, which 
is a little low . 2 ery. Rig = Rig = 8 ., The 
individual gains are then 40 and 33 respectively and 
the product is 1420, which is high, In our design the 
product should be about 1020. We now see the approximate 
range of parameter values . Let us next try to settle on 
a specific design. Let Rig = 6a » to give Gi a = 28. 

Set B= 3.7). We should have Rig somewhat greater 
than 6)and the curves appear to maximize in the range 
4.5 to 5A for A, So let us try an A dimension of 4.6). 
Then Rig 3 Ry pl - 2/1 - = =O Ae Tt Can “be 

shown that the directivity in the other plane is given by 


rr ®, 
Ga i er 3 [Con-Cov)]? + LSoa-seas] § oes 


ued (DYE + AY) 2 er, oo (PTH -AVPS = 


2. ‘u)- ce cdl 

Pe ae, Sekt Cale 98, Ste 23, [eeuy-Cos] “2 U8, [5t)-S¢e] 
GS) IA w : 
» en nm ae ae SSS SFL. Ths IS probla bly close enough Ti rodb. 
Tn Cum mary the design 1s 
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Problem 6,3 
Since the array is to be a broadside one, probably 


the easiest design to carry out is to have the shunt slots 
placed half a guide wavelength apart with the center slot 
on the opposite side of the center line from the other 
two, The transmission iine model is then as indicated, 
The admittance at position 3 


is then just Y, = G3 if the 


slot is resonant, At point 24, 
J —vy |] Vio 


<— Ay ct Se 
Le 


the admittance is likewise 
equal to G3 since the line length is a half wavelength, 
At point 2- , the admittance is Yo = Go + G3. Likewise, 
the admitance at point l- is Yy = Gy) + Go + G3 4 
The voltage is continuous across the lumped admittances, 
so on the transmission line model at least, the voltage 
is the same on each. shunt element (because of the half- 
wavelength spacing) (V(1+) = V(2-) = V(2+) , I(1+) = 1(2-) 
=r LG28 eae 

Since the field in the slot varies as the slot admitt- 
ance, to obtain the binomial amplitude distribution as 
slot excitation means that G) = G3 = 3G » Af ,allathe slote 
are the same distniace off the center line. To get this 
much difference in conductance in resonant slots is diff- 
icult without using the distance to the centerline as a 


parameter, so instead we will make the following quantities 


ie | 
equal Gi feos 6 = Gy feosm, me G, cos Tt Xe 
a “ce ae 


Make Gy, era var th Key, See When 4G, /cosT Xr as 2h 
This implies thet We Can Take G/y, = 28, Se ee 


These parameters should put the amplitudes in the ratio 
1:2:1, The terminating admittance for the guide would then 


be ce = 1,26 , VSWR = 1.26, The slot conductances could be 
altered for a still better match if necessary, 


Problem 6.4 
The directivity of a uniformly illuminated circular 


aperture is G,; = (Ba)? » where a is the radius of 
the aperture,. With an aperture efficiency of 60%, we 
want 10 10816 Gai’ .6 = 36 or pa = 81.5 and 
a = 81,5x 3/217. = 39 ems. 

The width between the nulls depends on the Zeros of 
J, (Ba sin®) , assuming uniform excitation. At the first 
Zero }80s 6.4 “SAniBeiv='O083 40 or s4O= 6° » so the beam width 


between nulls is 12°. 


Problem 6.5 
With the assumptions stated in the problem, the field 


of the full aperture and that produced by the equivalent 


currents in the blocking aperture have the same form; the 


; wen : + 
field of the blocked aperture is then (a, is radius 6 blocking aper uve ) 


Ea go he ne e, en fa’ J, (Basin) as ae J, (Be, sin 8) 


asin@ [%, sin 
Ifa, = .l a Ve 
un be BE. -)Br = J, (Ba 19) Eon) lssenee 
Coe eo ~ Joa e gS fro sinG [Ge sin? 


Using Jahnke and Emde, or the curve in Fig. 6.12,to. 
read off values, it is clear that the total contribution 
of the last term in the brackets varies from .01 to .0085 
of the value of the first term, throughout the whole range 
of 9 , The result is that the field amplitude is decreased 
by .01 in the range of the main lobe, the null is displaced 
slightly, the first side lobe is decreased slightly and 
the second is increased slightly. The effett would be barely 


noticeable in a sketch of the pattern, To compute the gain 


— L a 
of the blocked aperture, note | ane Pe’: [ito] = Whe s 


2 Zz 


while the power coming through the aperture is 
P= $8. (Erle) = te, (f\ rot Lia] | Tt Follows From its 


ON 


deCinition that Ga: = 14 (Bo)”. In general G,, =(pa\ ['-@y'] 


Problem 7,1 
A log-periodic dipole antenna is to be designed to 


operate from 50 to 250 MHz. In that frequency range, 

we might use 5/8" OD tubing at the lower frequencies 

and 3/8" OD tubing at the higher frequencies, At 

50 MHz., a half wavelength is 3 meters so the length 

to diameter ratio of the elements will be in the vicinity 
of 189 , This is a reasonable value, 

Let us try to design for maximum gain, Looking at 
the curves of Fig.7.17, it appears that 12 db should be 
possible if we take a relative Spacing of .18 anda 
scale factor, tof OD is The angle, «x , is then 
a tan ee 965). = 2O75° 


"aie ay 

. é 

From the notoseseh Fig 7 AO Go 3 Bar = 1.295, so we will 
design for a bandwidth Be D4 Ku 29D O A), thas se 
we will design for operation from 44 to 282 MHz. The 
longest element is then a half wavelength at 44 MHz or 
3.4 meters , The length of the structure is then 

Lee Dale 577) cot =29,.5 meters, This is a rather 
ridiculously long structure for the intended application, 
But this is the problem with designs whose prime object- 
ive is to produce high gains. The number of elements is 
N= 1 + log 6.47/log(1/.965) = 53. This would be a TV 


antenna to make the neighbors sit up and take notice, 
Actually for VHF TV, performance is required only 
from 54 to 108 and 174 to 216, so as a first thought we 
might try to design two LParrays for the two bands and try 
to put them together, This would cut both size and number of 
elements, But notice also that the high band is a factor of 
three higher than the low band; this means that a (comprom- 
ize) design for the low band might be acceptable for the 
high band, The active region would then be in the vicinity 
of the elements whose lengths were (3/2\> at the frequency 


of operation, 


Problem 8,1 
If the aperture antenna is excited as a transmitter, 


it produces fields E and Hi - Let the primary source for 
these fields be a voltage source at a set of terminals 
interior to the surface of the aperture antenna, Next 
imagine that a magnetic current source, equivalent to 

the voltage source, replaces the voltage source, Then 
from equation 3 
Isc = v, { J, E, dv 

where Tee is the short circuit current at the interior 
terminals, E. is the field produced by the magnetic 
current source at the location of Je » the latter being 
the source of the incident field. However, E is 


also produced by the Huygens sources on the closed surface 


surrounding the primary source and including the aperture, 


ie E.dv = fe: J, - Ha: M,) dv 


But ‘hite Huygens sources J, M, act in free space so 


Thus, 


ES Eine . Fe ei Hinc and 


vege = {Eine Sp i Hine My) av 


which was to be demonstrated, 


Problem 8,2 

Imagine a point current source, te » at the input 
terminals of the receiving antenna. By reciprocity, 

(ORe {x ie dv 
where E. is the field produced by I, at the position of 
a the source of the incident field.(ie., [E,-) ,dv = Voc? 
Buk E. could also be produced by the combination of I, and 

J: 

the induced currents ,act ing in free space (the currents J; 


are the currents produced on the structure when ie is 


activated, 


Prob,.8,2cont, 


Call Si + J, by the name J., the transmitting 
. . A ‘ a 7 . 
current distribution. Then i Q. dv ete J. dv 
or 1 
vige we De ie 5, oh 


where I. = = = the current at the input terminals. 


Problem 8,3 
First consider the power received by the parabolic 


reflector. Since it has a gain of 40 db, the effective 
, 4 2 4 
aperture is A ore 38) £2) at 1 GHz. The received 
power is then 4 y) 
pa =) / L05@3) 1 
eeeuet Aw 47 (200x10° )2 


The noise power delivered is Ne = k i df 


noise 


where Tr is the antenna temperature; 
a only 
i = ee [{eca,e) T, (8,9) sin® dé dy 


We will suppose that the parabolic reflector has a 
circular aperture and in the absence of other information 
assume an aperture efficiency of unity. Thus, since 

the gain is equal to (pa)? . (fa) = 102 (Le thre tsun 

is 5° off the axis, the argument (Ba Sine) = 8.72. 
From figure 6.13, this puts the sun in the second side 
lobe at which point the gain relative to the directivity 
is .0038 or the gain is 38, We might suppose that the 
rest of the environment (a combination of galactic noise, 


atmospheric noise, and noise from the earth is at an aver- 


age temperature of 150°. Then Te =. Jf Glow) 150 sin® Abdg 
se -¢ 
+ (38) 3x10 (1.75) * Jo = 150° wes eis 
a Signal 13,5 x 10 Ai A aes MED 7 zane 
Noise 9 > (fG4ritkn’? jaexio. (x 43a.% (4710 


Cv about. As ae. 


Problem 8,4 

At 100 kHz , the wavelength is 3000 meters, so the 
800 foot monopole is a relatively small antenna. The 
directivity over perfect ground would be 3. Taking into 
account the stated efficiency of /0% , the power density 
in the distant field (9 = 90°) with zero ground loss 


would be ae AP ees 
—Z(600x1 609x109) 

Since the sky wave field strength varies, let us be con- 
servative and base the calculation on ground wave propag- 
ation. According to ground wave curves such as appear in 
the ITT Reference Data for Radio Engineers, ner ed pg /14, 
the ground wave field strengths could be expected to be 
about 20 db below the free space inverse square fields, 
So accounting for ground wave loss 

PD = P, 2.1/amx36x2.58x10"- 


We will assume that the field will be picked up by a small 


whip antenna with no losses, In this case, the power 
delivered will be Peas: DIA =P Ox 3 2/410 
sig eff 
Or Pog, = Pix 6.3x 9x 107° J 16717 36x 2.58 
Sig in 


The noise power delivered will be P =k T. df 


noise 
From Fig. 8.5, the equivalent atmospheric noise temperature 


could be expected to be as high as 120 db above 23808 
or sit =a PART oLotaD.< 190! . The required signal to noise ratio 


is 20 db so we have 
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